Many types of micro-organisms including bacteria are frequently exposed to changes in environmental osmotic conditions. This in particular applies to soil bacteria such as Corynebacterium glutamicum. A change in external osmolarity has direct impact on the bacterial cell volume and hydration. To counteract deleterious effects of sudden hyper-and hypoosmotic conditions to which they are frequently exposed, these bacteria have developed a range of cellular responses including mechanosensitive channels, which are activated upon sudden hypoosmotic shifts resulting in the immediate release of small solutes. Based on structural similarity, MscCG (the YggB gene product) of C. glutamicum belongs to the family of MscS-type mechanosensitive channels. In order to clarify in detail its physiological significance in response to osmotic shifts, we studied the properties of MscCG using both patch-clamp technique and betaine efflux kinetics. After heterologous expression in an E. coli strain devoid of mechanosensitive channels, patch-clamp analysis of giant E. coli spheroplasts MscCG showed the typical pressure dependent gating behaviour of a stretchactivated channel with a current/voltage dependence indicating a strongly rectifying behaviour. Apart from that, MscCG is characterized by significant functional differences with respect to conductance, ion selectivity and desensitization behaviour as compared to MscS from E. coli. Deletion and complementation studies in C. glutamicum showed a significant contribution of the MscCG protein to betaine efflux in response to hypo-osmotic conditions. As a novel finding, detailed analysis of concomitant betaine uptake (by the betaine transporter BetP) and efflux (by MscCG) under hyper-osmotic conditions revealed that MscCG acts also as a key player in osmoregulation in C. glutamicum by fine-tuning the steady state concentration of compatible solutes in the cytoplasm, which are accumulated in response to hyper-osmotic stress.
Many types of micro-organisms including bacteria are frequently exposed to changes in environmental osmotic conditions. This in particular applies to soil bacteria such as Corynebacterium glutamicum. A change in external osmolarity has direct impact on the bacterial cell volume and hydration. To counteract deleterious effects of sudden hyper-and hypoosmotic conditions to which they are frequently exposed, these bacteria have developed a range of cellular responses including mechanosensitive channels, which are activated upon sudden hypoosmotic shifts resulting in the immediate release of small solutes. Based on structural similarity, MscCG (the YggB gene product) of C. glutamicum belongs to the family of MscS-type mechanosensitive channels. In order to clarify in detail its physiological significance in response to osmotic shifts, we studied the properties of MscCG using both patch-clamp technique and betaine efflux kinetics. After heterologous expression in an E. coli strain devoid of mechanosensitive channels, patch-clamp analysis of giant E. coli spheroplasts MscCG showed the typical pressure dependent gating behaviour of a stretchactivated channel with a current/voltage dependence indicating a strongly rectifying behaviour. Apart from that, MscCG is characterized by significant functional differences with respect to conductance, ion selectivity and desensitization behaviour as compared to MscS from E. coli. Deletion and complementation studies in C. glutamicum showed a significant contribution of the MscCG protein to betaine efflux in response to hypo-osmotic conditions. As a novel finding, detailed analysis of concomitant betaine uptake (by the betaine transporter BetP) and efflux (by MscCG) under hyper-osmotic conditions revealed that MscCG acts also as a key player in osmoregulation in C. glutamicum by fine-tuning the steady state concentration of compatible solutes in the cytoplasm, which are accumulated in response to hyper-osmotic stress. Supported by the ARC Linkage International Award LX0776077. a hyperosmotic challenge (HC) and the inserts were subsequently mounted on an Ussing chamber to measure I SC under isosmotic conditions (close to "thin-film" experiments). This latter preparation allowed monitoring of the changes in apical osmolality during exposure to the HC. Solutions used for the HC were prepared either by adding: i) additional NaCl (HC-NaCl); ii) mannitol while maintaining normal NaCl (HC-mannitol); and iii) mannitol under a low Na + (i.e., 6 mM) concentration (HC-6Na/mannitol). Results: i) In Ussing chamber experiments, exposure to apical or basolateral HC-NaCl or HC-mannitol, respectively inhibited I Na with IC 50 's of 379 and 398 mOsmol/kg H 2 O. Exposure to all three types of HC-solutions induced cell shrinkage as indicated by a reduction in C T . There was a time-dependent recovery in I Na after returning to isosmotic solutions reaching up to 80% after 45 min. ii) Under "near-thin" conditions, apical exposure to any HC solution type, inhibited I Na by 72-79% at 30 min of exposure as compared to controls. As osmotically-driven water moved to the apical surface, its osmolality decreased, its volume increased and I Na partially recovered. This recovery followed a similar time course to the apical osmolality recovery but was significantly smaller; iii) presence of 10 µM amiloride at the apical volume, neither affected the inhibition of I Na , nor the recovery in apical osmolality. However, amiloride further inhibited (~10%) I Na at 30 min incubation and significantly accelerated (2-3 fold) the recovery of I Na at 2 to 4 hrs following exposure to HC-NaCl or HC-mannitol. When HC-6Na/mannitol was used, amiloride inhibited I Na at 30 min but did not accelerate the recovery of I Na . Conclusions: Cell shrinkage, together with a likely increase in the intracellular Na + concentration ([Na + ] i ) inhibits I Na . This must be due at least in part to inhibition to the amiloride-sensitive epithelial Na + channels (ENaC). At <30 min exposure to either isosmotic or any of the HC-solutions, amiloride primarily acts as an inhibitor of ENaC. At > 30 min exposure to HC-NaCl, or HC-mannitol, ENaC are primarily inhibited by an increase in [Na + ] i . Thus, as amiloride inhibits the increase in [Na + ] i , amiloride acts as a protector of HC-induced inhibition of ENaC. In the presence of HC-6Na/mannitol, amiloride only behaves as a blocker of ENaC. These results help explain the detrimental effect of amiloride in HS inhalers. channels are controlled by multiple signaling transduction pathways such as increase in cell volume, direct stretch of β1-integrin through focal adhesion kinase and many active molecules or growth factors including angiotensin II and endothelin-1 mediated signaling pathways, Ca 2+ / calmodulin-dependent protein kinase II and reactive oxygen species. ClC-3 is not only a key component of the volume-regulated Cl -channels, but also a NADPH oxidase interaction partner and/or superoxide anion transport, as well as a regulator of many other transporters. ClC-3 has been implicated in the regulation of many cellular functions, including electrical activity, cell volume, proliferation, differentiation, migration, apoptosis and intracellular pH. Recent studies from our lab and many others have independently provided compelling evidence for the important functional roles of ClC-3 Cl -channels in cell volume regulation and apoptosis, and in cardiac and vascular remodeling during hypertension, myocardial ischemia/reperfusion, hypertrophy, and heart failure. ClC-3 may represent a novel therapeutic target in the treatment of cardiovascular diseases. Supported by NIH HL106256, National Center of Research Resources P20RR15581, and American Heart Association #11GRNT7610161.
CLC-3 CHLORIDE CHANNELS IN CELL VOLUME REGULATION AND CARDIOVASCULAR DISEASES
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NANODOMAIN-MEDIATED REGULATION OF VOLUME-SENSITIVE OUTWARDLY RECTIFYING (VSOR) ANION CHANNELS IN MOUSE ASTROCYTES
Tenpei Akita and Yasunobu Okada Department of Cell Physiology, National Institute for Physiological Sciences, National Institutes of Natural Sciences, Okazaki, Japan
The volume-sensitive outwardly rectifying (VSOR) anion channel is the most influential regulator of cell volume in most types of animal cells, and plays a key role not only in the regulatory volume decrease but also in cell death induction and intercellular communications. It is typically activated by an increase in cell volume, but it may also be activated without an increase in cell volume, especially when intracellular reactive oxygen species (ROS)-generating cascades are activated. We previously reported that an inflammatory mediator, bradykinin, activates VSOR channels in cultured mouse cortical astrocytes under isotonic conditions through induction of ROS generation by NADPH oxidases. Recently, we found that this volume-independent VSOR channel activation is firstly mediated by "nanodomains" of high [Ca 2+ ] i generated at the sites of both Ca ICln is a highly conserved, ubiquitously expressed protein, whose the knock out is lethal. A variety of studies have identified ICln as an important player in regulatory volume decrease (RVD), the process that enables a cell to regain its original volume after swelling. Overexpression of ICln in Xenopus laevis oocytes or in mammalian cells is followed by the upregulation of chloride currents resembling those elicited by cell swelling (ICl swell ). Furthermore, IClnspecific antibodies or antisense oligodeoxynucleotides leading to a specific knock-down of ICln protein expression impair RVD in native cells. ICln is water soluble, and in isotonic conditions the majority of the protein is located within the cytosol, while only a small fraction is associated with the cell membrane; nevertheless, in hypotonic conditions ICln is able to transpose from the cytosol to the cell membrane. Together, these studies suggest that ICln could be a molecular entity or part of the molecular arrangement determining ICl swell . Detailed studies revealed additional functions of ICln in different subcellular compartments; actually ICln binds to a variety of cytosolic and membrane proteins which are implicated in diverse physiological pathways i.e. regulation of cellular morphology, platelet activation, organization of the cytoskeleton and RNA processing. The role of ICln in these different functional modules can be described best as being a 'connector hub'. Recently, we characterized the functional and molecular interaction between ICln and the alpha chain of integrins, as well as the zinc-finger protein HSPC038, and we explored the role of these interactions in RVD.
METHYLATION OF THE HUMAN ICLN PROMOTER
Charity Nofziger, Silvia Dossena and Markus Paulmichl Paracelsus Medical University, Institute of Pharmacology and Toxicology, Salzburg, Austria
ICln is a ubiquitous, multifunctional protein with functions in cell volume regulation and RNA processing, and is thus part of an intricate protein network critically involved in the homoeostasis of cells. The protein is water-soluble, and during regulatory volume decrease after cell swelling, it is able to migrate from the cytosol to the cell membrane. Purified, water-soluble ICln is able to insert into lipid bilayers to form ion channels. We previously described the promoter elements that are required for constitutive expression of the ICln protein. Promoter methylation represents a type of epigenetic regulation that can have implications on the expression of genes. Hypermethylation is often associated with a decrease in gene transcription, whereas hypomethylation is associated with an increase in gene transcription. We have extended our previous studies to outline the role that methylation may play in the activity of the ICln promoter and the expression of this protein.
ROLE OF ANOCTAMINS IN VOLUME REGULATION AND APOPTOSIS
Karl Kunzelmann, Yuemin Tian, Patthara Kongsuphol, Jiraporn Ousingsawat and Rainer Schreiber Institut für Physiologie, Universität Regensburg, Regensburg, Germany Endogenous Ca 2+ activated Cl -currents (CaCC) are abundant and present in very different cell types. Very good evidence has been provided that endogenous CaCC is produced by anoctamin 1 (Ano1) and Ano2. Insight into the physiological role of anoctamins has been provided by knockout mouse models for Ano1, 2 and 6. However, the physiological role of the other 7 members of the anoctamin family remains obscure. Ano1 and 2 may operate as individual Ca 2+ sensitive channel proteins, or may require accessory subunits for complete function. We find that overexpressed Ano1 resembles all the properties of endogenous CaCC, although with some noticeable biophysical and regulatory differences when compared to endogenous channels. Apart from Ano1 and 2, expression of Ano6 also produces a Cl -conductance. Depending on the cellular background anoctamin-induced currents may have variable properties. We have shown earlier that the Ca 2+ activated Cl -channel Ano1 together with other anoctamin proteins are activated by cell swelling through an autocrine mechanism that involves ATP release and binding to purinergic P2Y 2 -receptors. We also found that Ano1 channels are activated by ATP through increase in intracellular Ca 2+ and by a Ca 2+ -independent mechanism engaging extracellular regulated protein kinases (Erk1/2). Chloride channels play fundamental roles in many physiological processes, including cell volume regulation, migration and programmed cell death. A new family of chloride channels, the TMEM16s, were identified 3 years ago, and TMEM16A and 16B were shown to induce Ca 2+ -activated currents (CaCC)s with properties similar to the endogenous CaCC found in most cells. Here, we show that mTMEM16F expressed in HEK293 cells associates with a CaCC with rather different characteristics to TMEM16A and TMEM16B. A delayed, transiently activated current peaking within 9 min was observed with intracellular solutions containing a high (100 µM) free Ca
2+
. The current is strongly outward rectified and shows a time-dependent activation/deactivation at positive and negative potentials respectively. The current as a function of [Ca 2+ ] i fits to the Hill equation, with an EC 50 for Ca 2+ about 15 µM. The anion selectivity follows Eisenmann type 1. Mutation of positively charged amino acids in the pore region between TM5 and TM6, strongly reduced the current, the permeability sequence was not changed but the relative anion permeability to iodide (P I /PCl) was decreased. TMEM16F is highly expressed in EATC where it localizes to the surface membrane. Stable knock-down of endogenous mTMEM16F using microRNAi reduced CaCC in these cells and showed a significant inhibition of regulatory volume decrease (RVD). The contribution of TMEM16F to RVD disappears if an increase in intracellular Ca 2+ during RVD is prevented by BAPTA-AM. Overexpression of mTMEM16A, mTMEM16F and mTMEM16K were not associated with a change in the volume regulated anion current (VRAC) in HEK293 cells, and stable TMEM16F overexpression clones of EATC also showed no change in VRAC. Surprisingly, however, stable knockdown of mTMEM16F showed a significant increase in VRAC. TMEM16 F is thus clearly not VRAC but it is suggested that mTMEM16F is a part of a macro-molecular complex, and that this complex is also involved in VRAC regulation. In addition, scratch assays were performed on the stable TMEM16F knock down ELA cells showing that the rate of migration slows down in these cells indicating an important role in migration for TMEM16F(see poster by K Jakobsen et al. During the last decade it became clear that proteins involved in ion transport are critical in controlling virtually all hallmarks of cancer and can thus constitute novel therapeutic targets in the fight against cancer. However, it has not yet been investigated whether this holds true for pancreatic ductal adenocarcinoma (PDAC) as well. PDAC is a cancer with an extremely grim prognosis with a five-year-survival rate of less than 5 %. PDAC is characterized by a pronounced desmoplasia with excessive production of extracellular matrix and mutual activation of PDAC and stromal cells by growth factor signalling. Pancreatic stellate cells play a particularly prominent role in this process. So far, the functional expression and role of ion transport proteins in pancreatic stellate cells is entirely unexplored. We therefore set out to determine the function of K Ca 3.1 channels in these cells. We employed an immortalized human pancreatic stellate cell line, RLT-PSC. The mutual activation of stellate and PDAC cells was imitated by treating RLT-PSCs with conditioned medium from PDAC cells or with PDGF. PCR, Western blot und immunofluorescence gave clear evidence for the expression of K Ca 3.1 channels in RLT-PSCs. Accordingly, we detected a 1-EBIO activated and clotrimazole-inhibited K + current in whole cell patch clamp experiments. Migration of RLT-PSCs is stimulated when they are treated with conditioned medium from PDAC cells or with PDGF. This stimulation depends on K Ca 3.1 channel activity since it is abrogated upon blockade of K Ca in contrast to VRAC. Recently the oligomeric structure of TMEM16A was shown to be at least a dimer [1] . We plan to investigate whether TMEM16A, -F and -E can form heterooligomers, since this may play a crucial role in understanding the physiological function. Limited information is available on the folding and trafficking of TMEM16 family members, but a mutation abolishing a conserved cysteine residue in the first ectoloop of TMEM16E causes the autosomal dominant human disease gnathodiaphyseal dysplasia (GDD; MIM 166260) [2] . We will use a combination of TMEM16A and -E in order to determine the role of this cysteine residue. TMEM16A is included in the project because it produces a characteristic ICl.Ca providing a possibility to assay the effect of any added tag on the folding and translocation. By homology, the effect of tagging TMEM16A will be extended to TMEM16E. We hypothesize that the TMEM16 cys-mutant retains wild-type TMEM16 intracellular thus acting via a dominant negative mechanism. Using a TMEM16E overexpression cell-line (courtesy of Nobuyuki Kamata, Hiroshima, Japan) we plan to do coimmunoprecipitation to reveal any physical interaction. [2] and the activity of ion channels and transporters to adjust the cell volume [3] are major contributors to cell migration. All migrating cells are polarized morphologically and functionally along the axis of movement [4] . A repeated cycle of protrusion of the front and retraction of the back makes the cell move. The interrelation between ion channel activity and cell migration lie, among others, in the changes in cell volume that appears during protrusion and retraction [5] . 
MOLECULAR IDENTIFICATION OF HYPERTO-NICITY-INDUCED CATION CHANNELS (HICCS) IN HUMAN HEPATOCYTES
Frank Wehner and Sandra Plettenberg
Max-Planck-Institute of Molecular Physiology, Dortmund, Germany
We could recently define the á-subunit of the epithelial Na + channel (α-ENaC) as an element of the HICC in HepG2 cells that is mandatory for a proper regulatory volume increase (RVI) to occur. In addition, α-ENaC was found to be responsible for HepG2 proliferation whereas its silencing led to an increased apoptosis rate. Given the low sensitivity of the HICC to amiloride and its non-selectivity for Na + over K + , however, it is quite obvious that it cannot be just α-ENaC making up the HICC channel in HepG2 cells and that additional players need to be identified. Here, scanning acoustic microscopy was employed for a high-throughput screening of a channel and transporter-related siRNA library with the actual RVI of HepG2 cells as experimental readout. Twenty-eight different siRNAs could be tested within a single forty min round of recordings, each performed at a time resolution of one data point per two min. With this approach, a relative contribution of α-ENaC, NHE1 and NKCC1 to the RVI process was determined that precisely matches the profile as it was obtained in an earlier transport study from our lab. Moreover, PKD1 and Piezo1 are likely to function as regulators of HICC activation. Most interestingly, however, two members of the TRPC family of channels, four TRPMs and one TRPV could be identified as well, i.e. silencing of these channels was yielding a reduction of RVI in HepG2 cells that was virtually identical to the one of α-ENaC. It is difficult to distinguish a possible, mere regulatory function of the above TRPs from their actual and direct contribution to HICC functioning. Nevertheless, at least in HepG2 cells, the overall architecture of the HICC appears to be much more complex than was appreciated so far. . Therefore the degree of swelling on moving a cell to a hypotonic solution will be dependent on the capacity of RVD. To analyse if volume increase under hypotonic shock was influenced by the RMP we measured volume increases at membrane potentials of 10mV and -80mV (using sharp electrode "switchclamp"). We found volume to be maintained significantly more effectively at positive RMP. This is consistent with a loss of RVD capacity of chondrocytes at negative potentials. We argue that vigorous RVD of chondrocytes requires an abnormally positive membrane potential, maintained by a complement of calcium-selective TRP channels. MAPK which further leads to insertion of the bile acid transporters Bsep and Mrp2 to the canalicular membrane thereby rising hepatic bile acid transport capacity within minutes. These processes can me mimicked by tauroursodeoxycholic acid-induced non-osmotic α 5 β 1 -integrin-activation. In contrast, hyperosmotic liver cell shrinkage results in a NADPH oxidase-driven formation of reactive oxygene species (ROS) which further leads to an activating phosphorylation of the Src-kinase family member Fyn. This is followed by a retrieval of Bsep and Mrp2 from the canalicular membrane resulting in a decrease of bile acid transport, i.e. cholestasis. The underlying molecular mechanisms of Fyn-induced transporter retrieval will be discussed. [2] . The role of TASK-2 in Tcells is still not fully elucidated, thus the aim of this study is to investigate the potential role of TASK-2 in T-cell activation on protein, mRNA and functional levels. Western blotting results showed a biphasic expression pattern of TASK-2 protein in T-cells isolated from buffy coats and activated using anti-CD3/ CD28 beads (0-24 h, 3 and 6 days), with a decreased expression after 2-4 h, followed by a lasting increase after 8 h. The TASK-2 expression peaks after 3 days of activation with a 3 fold increase. QPCR with TASK-2, Kv1.3 and Kca3.1 primers revealed an increase in TASK-2 and KCa3.1 mRNA upon T-cell activation, most profound for TASK-2 but no significant increase in Kv1.3 mRNA when comparing CD3/CD28 activated cells to non-activated control cells. Furthermore we investigated the RVD response in activated and nonactivated T-cells by changing the extracellular osmolarity and measuring cell sizes using a Coulter Counter. RVD measurements showed a time dependent increase in initial volume (isotonic Ringer's solution) together with an increased swelling (hypotonic Ringer's solution) when comparing activated and control cells. Furthermore the activated cells had a decreased ability to perform RVD. In conclusion we find that TASK-2 is up-regulated in activated T-cells, both on protein and mRNA levels. More experiments are needed to fully understand the potential role of TASK-2 in T-cells and in future experiments we will study the location of TASK-2 by biotinylation of membrane proteins expressed upon CD3/CD28 activation. TASK-2 expression in different T-cell subpopulations will be studied and siRNA will be used to study the potential changes are still not completely understood. Here, we show that Ste20-mediated phosphorylation of NKCC1 is a component of its activation by hypertonicity. We also show that the transporter itself has structural determinants that affect its response to osmolarity. Using a chimeric approach between NKCC1 (volume-sensitive), and NKCC2 (volume-"insensitive"), we mapped a specific region of ~90 residues, which confers osmotic sensitivity to the cotransporter. This region contains the second and third transmembrane domains, the first intracellular loop, and the second extracellular loop of the cotransporter. In the process of cloning the mouse cDNA encoding KCC3, we came across a mutation (E289G) that renders KCC3 inactive in Xenopus laevis oocytes. As the glutamic acid is highly conserved between the cotransporters, we also mutated this residue in KCC2. Similarly to KCC3, mutation of KCC2-E201 into a glycine rendered the cotransporter inactive, whereas mutation of the residue into aspartic acid did not completely abrogate cotransporter function, but did affect its volumesensitivity. To confirm whether a similar mutation would also affect NKCC1 function, we mutated NKCC1-E383 into glycine and aspartic acid. Under isosmotic and kinase stimulation, the function of the two mutant cotransporters was identical to that of wild-type NKCC1. However, under hypertonicity, stimulation of K + fluxes was significantly diminished in the two mutants compared to the wild-type cotransporter. As residue E383 is located within the volume-sensitive region of the cotransporter mapped by our chimera study, our data suggest a possible re-arrangement of transmembrane domains during osmotic activation of the cotransporter. exchanger that is maintains cytosolic pH, and regulates cell volume. This is made possible by its ability to be activated by intracellular protons with a positive cooperativity, that can be modulated by a large set of stimuli. These unique regulatory features enable the transporter to convert extracellular and intracellular information into subtle variations of sodium and proton concentrations that directly impact the activity of a large set of intracellular targets. Therefore, in the past years we have aimed at answering two major questions: What is the molecular mechanism that mediates NHE-1 cooperativity? What are the different mechanisms that modify the parameters of this cooperative response? The first part of the presentation will focus on the dissection of the mechanism of NHE-1 activation by intracellular acidifications. We will present how different hypothetical mechanisms can be tested using a combination of site-directed mutagenesis and kinetic analyses. We will then provide evidences showing that NHE1 cooperative regulation best fits with a Monod Wyman Changeux model, in which a dimeric transporter oscillates between a low and a high affinity form for protons. In a second part we will discuss how this mechanism can yield important clues for the understanding of NHE-1 regulation by intracellular signalling pathways, osmotic shocks and modification of membrane curvature and composition. This latter part will also be illustrated by recent data showing how agents having unspecific membrane effects such as the antineoplastic drug cisplatin, can modify NHE1 regulation, as well as other mechanosensitive transmembrane proteins. 
MEMBRANE POTENTIAL DIRECTLY INFLUENCES CONTROL OF CHONDROCYTE VOLUME
TASK-2 AND ACTIVATION OF HUMAN T-CELLS
VOLUME-SENSITIVITY OF CATION-CHLORIDE COTRANSPORTERS
THE
SGK1 SENSITIVITY OF
Department of Pathology, SALK, Salzburg, Austria
The ATP12A (ATP1AL1) gene codes for a non-gastric H + /K + -ATPase. It is expressed in a wide variety of tissues, but the knowledge about its function is sparse. We found by RT-PCR and/or western blotting, intracellular pH measurements, electron microprobe analysis, cell volume (CV) measurements and flow cytometry that ATP12A is expressed in human myelomonocytic HL60 cells, rat insulinoma Ins-1E cells, human pancreatic islets and human prostate tissue (normal and cancerous). Treatment of HL60 cells with low (1mM) concentrations of butyrate leads to monocyte-directed differentiation whereas higher (5-10mM) concentrations induce apoptosis as assessed by flow cytometric determination of CD86 expression, CV, cell granularity, caspase activity, phosphatidylserine exposure on the outer plasma membrane leaflet, cell cycle analysis and cell proliferation. Ins-1E cells undergo apoptosis upon treatment with butyrate, with the polyphenol resveratrol, or by glucose starvation. Transcriptional up-regulation of ATP12A is evident during apoptosis in HL60 and Ins-1E cells. Autosomal dominant polycystic kidney disease (ADPKD) is characterized by the slow growth of fluidfilled cysts predominately in the kidney and in liver bile ducts. The factors involved in modifying the rate of cyst growth through epithelial proliferation or secretion are critical to understanding the progression of the disease. One well established mediator of cyst expansion is the Cl -channel, cystic fibrosis transmembrane-conductance regulator (CFTR). Fluid isolated from the cysts of patients has previously been shown to increase CFTR activity in cell culture models of renal principal cells. This finding is important with regard to the growth and rupture of large cysts during aging. The released cyst fluid can contribute to the growth of remaining cysts and may account for the rapid decline of renal function after midlife or the exacerbation of cyst growth after renal injury. In the mpkCCD cl4 (mouse principal cells of the kidney cortical collecting duct) line, we found that addition of human cyst fluid (10% V/V) stimulated Cl Bacterial transporters ProP, OpuA and BetP are paradigms for the study of osmosensing. They pump organic osmolytes into cells at rates that increase as sigmoid functions of the osmolality. Each attains the same activity at the same osmolality when structurally diverse, membrane-impermeant electrolytes or nonelectrolytes are added to the medium outside cells or proteoliposomes (PRLs). Changes to turgor pressure or membrane strain are not required for these responses. Polar and charged residues clustered deep in the membrane are essential for osmolyte transport via ProP. The N-ethylmaleimide reactivities of cysteine residues introduced to the same region correlate with the osmolality, indicating that the osmolality affects the conformation of ProP. Assuming that relevant cytoplasmic properties could be simulated in vitro and solute effects would be additive, researchers further elucidated the osmosensory mechanism by varying the solvent bathing cytoplasmic transporter surfaces in PRLs. Each transporter responded with specificity. Small nonelectrolytes activated when added at the external but not the cytoplasmic transporter surface. In contrast, inorganic salts activated half-maximally when added at the cytoplasmic surface to attain concentrations on the order of 0.3 M. Further experiments suggested that BetP responds to K + (a specific ligand) whereas OpuA responds to the ionic strength via a mechanism based on electrostatic interactions. ProP activation is not ion specific, does not require K + and can be elicited by large, uncharged organic solutes (poly(ethylene glycol)s or (PEGs)). ProP activity does not correlate with the ionic strength of the PRL lumen and PEGs do not activate ProP indirectly, by altering ion activities. In PRLs, electrolytes and PEGs may affect the activity of ProP by altering its structure and the locations of key water molecules in the transport pathway. Such solute-specific effects may simulate but not reproduce the interactions that activate ProP in vivo. M) failed to do so. The selective aquaporin water channel inhibitor HgCl 2 (10 and 25 µM) applied prior to osmotic shock prevented the OP and thus RVD. These effects were attenuated in the presence of 1 mM dithiothreitol (DTT), a mercaptide bond reducing agent. Results suggest that 1) nematocytes exposed to hyposmotic shock require a Na/K pump to sustain cellular K levels necessary to perform RVD, and 2) that the OP most likely involves aquaporin-type water channels that are selectively inactivated by HgCl 2 , a classic inhibitor of aquaporins. Regulation of cell volume and transmembrane potential have a wide range of implications in physiology, from neurological and cardiac disorders to cancer and muscle fatigue. Therefore understanding the relation-ship between transmembrane potential, ion fluxes, and cell volume regulation has become of great interest. As far as we know, all theoretical models [1] describing the behavior of the transmembrane potential, of the ionic fluxes, and of the cell volume consider that the water flux across the membrane is instantaneous. Therefore an osmotic equilibrium of the cell is constantly required. However, such a requirement does not explain the delay in the osmotic stabilization of the cell, observed in the experiments reported by Rouzaire-Dubois et al. [2] when a high osmotic stress is imposed. Actually, when the ionic fluxes across the membrane are small, the osmotic equilibrium can be considered constant; but should the cell be subjected to a large osmotic stress, then water flux across the membrane must be accounted for. In this talk we present a system of differential equations described in [3] that links transmembrane potential, ionic concentrations, and cell volume. In particular we describe the dynamics of the cell within few seconds after an osmotic stress, that cannot be done by the previous models in which either cell volume was constant or osmotic regulation instantaneous. This new model demonstrates that both membrane potential and cell volume stabilization occur within tens of seconds of changes in extracellular osmotic pressure. When the extracellular osmotic pressure is constant, the cell volume varies as a function of transmembrane potential and ions fluxes thus providing an implicit link between transmembrane potential and cell volume. Experimental data provide results that corroborate the numerical simulations of the model in terms of time-related changes in cell volume and dynamics of the phenomena. 3 exit likely occurs via ion trapping involving the combined action of Rhesus glycoprotein C (RhCG) and proton transport on cH/K-ATPase and NHE2/3. RhGs are poised to influence cell volume, particularly in tissues exposed to high NH 4 + , i.e., kidney, liver and intestine. Quantitative real time PCR (qRT-PCR) and laser capture microdissection (LCM) were used to define RhBG/RhCG expression along the length of the colon and along the crypt-surface axis in murine colon. RhBG and RhCG mRNA expression was significantly higher at the distal/proximal border and in distal verses proximal colon. To define RhBG/RhCG expression along the crypt-surface axis, LCM was used to separate surface, mid-crypt and crypt base. RhBG and RhCG expression was found to be significantly higher in the mid-crypt section, relative to the surface and crypt base sections. In NKCC1 -/-mice, RhBG and RhCG expression was significantly increased in the two most distal segments of colon relative to WT littermates. These data collectively add to the current understanding of ammonia transport and offer evidence for compensatory upregulation of RhBG and RhCG in the absence of NKCC1. A role for RhGs in cell volume regulation remains unexplored. Supported by NIH DK079979. Evidence from human disease and animal models has shown that beta-cell death in both type-1 and type-2 diabetes occurs by apoptosis. Intracellular acidification, disturbed ion homeostasis and cell shrinkage under isotonicity (apoptotic volume decrease, AVD) are early events during apoptosis preceding caspase activation, DNA degradation and loss of cell membrane integrity. In pancreatic betacells Na . In human colorectal carcinoma ATP12A is significant over expressed which eventually contributes to the development of the pathological condition [2] . Furthermore induction of apoptosis in HL60-cells and rat insulinoma INS1E-cells by butyrate is paralleled by ATP12A up regulation (own results). Given its function in the normal prostate and its altered expression during apoptosis and in cancer cells, it is feasible to assume that ATP12A expression is also deranged in pathological prostate tissue. We therefore performed immunohistochemistry of ATP12A in formalin-fixed, paraffin-embedded histological sections from 7 benign and 18 malignant human prostate lesions. Normal prostate tissue displayed a membrane-bound ATP12A staining with focal accumulated pattern, whereas in the benign hyperplasia and cancerous prostate tissue the protein appears to be displaced in the luminal cells of the glandular epithelium. To test for altered gene expression of ATP12A we performed reverse-transcriptase quantitative PCR (RT-qPCR) in normal (tumor-free) prostate tissue, benign prostate hyperplasia (BPH) and tumor stages I-III using cDNA from a prostate cancer disease array (OriGene Technologies). As a result no significantly different expression levels could be detected in the various disease states compared to normal tissue. ATP12A is also expressed at different levels in PC-3-and LNCaP prostate cancer cells, being more abundantly expressed in the latter cells. Current studies using these cells aim at clarifying the mechanisms of ATP12A expression and deranged cellular arrangement in prostate cancer. In conclusion, ATP12A is expressed in normal and pathological prostate tissue as well as in PC-3-and LNCaP prostate cancer cells. While the protein expression pattern appears to be deranged in pathological human prostate tissue no apparent change of the expression of the H + / K + -ATPase on the transcriptional level was found so far in the investigated samples. Long-term osmotic stress results in altered gene transcription, however, with the exception of the TonE/ TonEBP system, the underlying mechanisms are poorly understood [1]. We previously showed that upon osmotic shrinkage of Ehrlich Lettré Ascites (ELA) fibroblasts, the MEK1-ERK1/2 pathway is transiently inhibited, followed by a slower activation of p38 MAPK, both of which in turn impact on cell survival [2] . Here, we show that downstream of these kinases, Serum response factor (SRF) and cAMP response element binding protein (CREB) -transcription factors with major roles in regulation of cell proliferation and death -are differentially regulated in ELA cells. SRF is a MADS box transcription factor controlling immediate early genes encoding cytoskeletal components, signaling molecules, and transcription factors. Ser 103 phosphorylation of SRF was strongly augmented 5-30 min after hyperosmotic stress (a 50% increase in extracellular ionic strength), in a p38 MAPK-dependent manner. Accordingly, SRF-dependent transcriptional activity (luciferase activity under control of a triple CArG box), was increased 5-fold after 24 h of hyperosmotic stress, also in a p38 MAPK dependent manner. In contrast, CREB phosphorylation at Ser . In ELA cells, RSK and MSK1 were dephosphorylated within 5 min of shrinkage, and this was associated with RSK translocation from the nucleoplasm to the nuclear membrane and cytosol. MSK1 phosphorylation recovered within 30 min in a p38 MAPK-dependent manner. The shrinkageinduced CREB dephosphorylation was exacerbated by p38 MAPK inhibition or MSK1 knockdown, but unaffected by RSK inhibition. In conclusion, in ELA cells, hyperosmotic stress activates SRF in a p38 MAPK-dependent manner and transiently inactivates CREB, likely due to MSK1 inactivation. We suggest that these events contribute to shrinkage-induced changes in gene transcription and death/survival balance. Epithelial to mesenchymal transition (EMT) occurs during development and cancer progression to metastasis. Transforming growth factor-beta (TGF-beta) induces EMT through Smads, leading to transcriptional regulation, and through non-Smad pathways. Moreover, TGF-beta was reported to induce cell swelling and increased protein content during EMT. Cell swelling is mainly regulated by restructuring of actin cytoskeleton, however the molecular signalling controlling this phenomenon remains elusive. Here we report that TGF-beta-stimulation resulted in a quick activation of the non-receptor tyrosine kinase Src, followed by activation of the guanine nucleotide exchange factor (GEF) Vav2. This early non-Smad signaling rapidly activated the RhoA/RhoB/ROCK/ LIMK2/cofilin pathway that controlled the early actin cytoskeleton reorganization. We report further that TGF-beta selectively induced the RhoA-specific GEF Net1 isoform2 (Net1A). This led to up-regulation of cytoplasmic Net1A protein levels that were necessary for TGF-beta-mediated RhoA activation. Smad signaling and the MEK/ERK pathway were involved in Net1A up-regulation by TGF-beta. Interestingly, long-term TGF-beta treatment resulted in Net1A mRNA down-regulation and Net1A protein degradation by the proteasome. Silencing of Net1A resulted in disruption of E-cadherin-and ZO-1-mediated junctions, as well as expression of the transcriptional repressor of E-cadherin, Slug and the mesenchymal markers N-cadherin, PAI-1 and fibronectin indicating that late TGF-beta-induced downregulation of Net1A is involved in EMT. Furthermore we identified the microRNA miR-24 as a novel post-transcriptional regulator of Net1A expression. We found that miR-24 was implicated in the regulation of the EMT program in response to TGF-beta and was directly involved in the TGF-beta-induced breast cancer cell invasiveness through Net1A regulation. These findings collectively demonstrate the early and long-term TGFbeta-signalling that may control actin reorganization, cell volume and EMT regulation in cancer cells.
OSMOTIC AND VOLUME REGULATORY PHASES IN ISOLATED NEMATOCYTES
ELECTROPHYSIOLOGICAL DYNAMIC MODEL FOR EUKARYOTIC CELLS
EXPRESSION AND FUNCTION OF THE NON-GASTRIC H
the cochlea show marked similarities and differences between inner ear supporting cells and glial cells of
WNK3 IS A PUTATIVE CHLORIDE-SENSING KINASE
Gerardo Gamba Molecular Physiology Unit, Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán and Instituto de Investigaciones Biomédicas, Universidad Nacional Autónoma de México, Mexico City, Mexico
The with no lysine kinase 3 (WNK3) is a serine/ threonine kinase that modulates the activity of the electroneutral cation-coupled chloride cotransporters (CCC). Using the heterologous expression system of Xenopus laevis oocytes we have shown that WNK3 is an activator of the sodium-coupled chloride cotransporters, NKCC1, NKCC2, and NCC and an inhibitor of the potassium-coupled chloride cotransporters, KCC1 to KCC2. Interestingly, the effect of catalytically inactive WNK3 on the CCCs becomes opposite: the inactive WNK3 is an inhibitor of NKCCs and activator of KCCs. In doing so, wild type and catalytically inactive WNK3 bypasses the tonicity requirement for activation/inhibition of the cotransporter. Thus, WNK3 modulation of the CCCs promotes Cl -influx and prevents Cl -efflux, thus fitting the profile for a putative "Cl --sensing kinase". The other proposed kinases to fit this properties are the Ste20-type kinases, SPAK/OSR1, that become phosphorylated in response to decreases in intracellular chloride concentration and regulate the activity of NKCC1. Recent evidence from our laboratory demonstrates that WNK3 lie upstream of SPAK/OSR1. WNK3 form a protein complex with SPAK/ OSR1 that allows phosphorylation of SPAK/OSR1 that in turn phosphorylates the cotransporters. There are three SPAK binding sites within WNK3 sequences, two of which are essential for modulation of the CCCs activity. Interestingly, on site is essential for NKCC2 while the other is for NKCC1, NCC and KCCs. It is possible that a protein phosphatase is also involved in the WNK3 effects towards CCCs because the activation of KCCs and inhibition of NKCCs by the inactive WNK3 can be prevented by known inhibitors of protein phosphatases, such as calyculin A and cyclosporine, suggesting that a protein phosphatase is also involved in the protein complex. Mammalian cells respond to osmotic stress by changes in osmolyte transport and cytoskeletal reorganization, and -in the longer term -by modulating the expression of volume-dependent/ osmosensitive genes. While the transcription factor OREBP/TonEBP has been shown to play a central role in the expression of volume-regulating transporters and enzymes involved in the synthesis of non-perturbing osmolytes, very little is known about osmosensitive transcription factors that might regulate the expression of cytoskeletal genes. To address this issue, we studied the effect of osmotic stress on myocardin-related transcription factor (MRTF), an actin-regulated transcriptional co-activator of serum response factor (SRF), which drives a variety of cytoskeletal genes through the CC(A/T) 6 GG ciselement, the CArG box. We show that hyperosmolarity induced rapid (0-30 min), dose-dependent, robust (>20-fold) but transient nuclear translocation of MRTF in kidney tubular (LLC-PK1) cells. This response was mediated by Rho and Rho kinase (ROK), as genetic or pharmacologic inhibition of these eliminated hypertonicity-induced MRTF translocation. The Rho guanine nucleotide exchange factor GEF-H1 proved to be a critical upstream element in this pathway, since hyperosmolarity activated GEF-H1, while GEF-H1 downregulation strongly mitigated the osmotically provoked Rho activation and MRTF translocation. Interestingly, hyperosmolarity caused greater Rho activation yet smaller MRTF translocation than low calcium medium (a previously described stimulus for MRTF translocation), raising the possibility that it might trigger additional pathways exerting an opposite effect on MRTF traffic. Indeed, hyperosmolarity induced strong p38 MAPK activation, and inhibition of p38, or mutating a p38-targeted serine (489) to alanine in MRTF, augmented nuclear MRTF accumulation. Osmotic stress caused a two-fold activation of an SRF-dependent reporter. To address whether MRTF plays an osmoprotective role, we challenged control and MRTF siRNA-treated cells with high osmolarity. Surprisingly MRTF downregulation reducedthe hypertonicity-induced activation of caspase-3 (apoptosis). However, in MRTF-depleted cells, osmotic stress caused dramatic disruption of the actin cytoskeleton, indicating serious structural damage. Moreover, hyperosmolarity increased the expression of certain CArG-dependent proteins, including SRF itself, and this effect was prevented by MRTF silencing. In summary, MRTF emerges as an osmotically sensitive, cytoskeleton-regulated and cytoskeleton-regulating transcription factor, whose osmotically induced nuclear accumulation is mediated by the GEF-H1/Rho/ROK pathway and inhibited by p38. MRTF seems to play an important role in the maintenance of cellular integrity under osmotic stress, and -at extreme osmolarities -it might ensure apoptotic (programmed) as opposed to necrotic (chaotic, disruptive) cell death.
MYOCARDIN-RELATED TRANSCRIPTION FACTOR, A CYTOSKELETON-CONTROLLED DRIVER OF CYTOSKELETAL GENE EXPRESSION, IS REGULATED BY OSMOTIC STRESS
AMPK-SENSITIVE CELL VOLUME REGULATORY MECHANISMS
Michael Föller, Mentor Sopjani, Carlos Munoz and Florian Lang Department of Physiology, University of Tübingen, Tübingen, Germany
The electrogenic and Na + -dependent organic osmolyte transporters SMIT and BGT are widely expressed membrane proteins which transport the small organic molecules myoinositol and GABA/betaine resp. into the cell to maintain cellular osmolarity. Osmotic cell shrinkage stimulates osmolyte transporters which therefore contribute to the regulatory volume increase following cell shrinkage. Challenges of cell volume constancy include energy depletion, which compromises the function of the Na + /K + ATPase leading to cellular Na + accumulation and cell swelling. Accordingly, early response of cell volume regulatory mechanisms may delay cell swelling and thus foster cell survival of energy-depleted cells. Energy depletion is sensed by the AMP-activated protein kinase (AMPK), a serine/threonine kinase, which stimulates several cellular mechanisms enhancing energy production and limiting energy utilisation. The present study explored whether AMPK influences the activity of SMIT and BGT. To this end, cRNA encoding SMIT or BGT was injected into Xenopus oocytes with and without additional injection of wild type AMPK (AMPKα1+AMPKβ1+ AMPKγ1), of the kinase-dead AMPKγ1) mutant, the activation of which does not require AMP. Using the dual electrode voltage clamp the inositol-induced current was taken as a measure of inositol transport to determine SMIT activity and the GABA-induced current to determine BGT activity. As a result, an appreciable inositol-current could only be detected in SMITexpressing, a GABA-induced current in BGT-expressing, but not in water-injected Xenopus oocytes. More importantly, coexpression of γR70Q AMPK and, to a lesser extent, of AMPK, but not of K45R AMPK decreased both, SMIT and BGT activity. Kinetics analysis revealed that AMPK decreases the maximal transport rate of SMIT rather than its myoinositol affinity. In conclusion, AMPK is a powerful regulator of the organic osmolyte tranporters SMIT and BGT and thus interacts with cell volume regulation.
TRIGGERING OF ERYTHROCYTE CELL MEMBRANE SCRAMBLING BY URSOLIC ACID
Kashif Jilani, Majed Abed, Christine Zelenak, Elisabeth Lang, Syed M. Qadri and Florian Lang Department of Physiology, University of Tuebingen, Tuebingen, Germany Ursolic acid, a triterpenoid with pleotropic effects including inhibition of tumor growth, is well known to trigger apoptosis of nucleated cells. The effect is at least partially due to altered gene expression and mitochondrial dysfunction. Erythrocytes lack nuclei and mitochondria, but, similar to nucleated cells, may undergo suicidal cell death or eryptosis, which is characterized by cell shrinkage and phospholipid scrambling of the cell membrane. Triggers of eryptosis in- . In conclusion, the food component, ursolic acid, stimulates suicidal death of erythrocytes, i.e., cells devoid of nuclei and mitochondria. The only effective intervention to slow onset and progression of blindness due to glaucoma is to lower the intraocular pressure (IOP). Among other potential modulators of aqueous humor dynamics, adenosine receptors (ARs) exert a complex regulation of IOP. Agonist activation of A 3 ARs stimulates Cl -channels of the nonpigmented ciliary epithelial (NPE) cells of the ciliary epithelium, favoring increased formation of aqueous humor and elevated IOP. In contrast, agonist activation of A 1 ARs of the trabecular outflow pathway stimulates release of matrix metalloproteinases (MMPs) from trabecular meshwork (TM) cells that reduce resistance to outflow of aqueous humor, lowering IOP. The opposing purinergic actions on IOP can be physiologically initiated by adenosine delivery to the receptors following ecto-enzymatic conversion from released ATP. However, which of the potential release mechanisms are recruited by the inflow and outflow pathways and whether ecto-ATPases are expressed had been unknown. Hypotonic swelling triggered ATP release by native bovine mixed NPE and pigmented ciliary epithelial (PE) cells and by bovine transformed NPE and PE cells. Relatively specific inhibitors of ATPrelease pathways exerted the same effects on the native and transformed cells. The pharmacologic profile suggested that pannexin-1 (Px1) hemichannels, connexin (Cx) hemichannels and vesicular release are the major ATP release pathways of the aqueous humor inflow pathway. The hemichannel expression was verified by RT-PCR, and that of Px1 further verified by Northern blots. In contrast, the pharmacologic profile of swellingactivated ATP release by primary and immortal cultures of human TM cells suggested that vesicular release plays no role in outflow pathway ATP release. Instead, P2X 7 ATP ionoreceptors join with Px1 and Cx hemichannels as the major conduits. Mechanical stretch-activated ATP release exhibited the same pharmacologic profile. TM cells expressed ectoATPases E-NPP1-3, E-NTPD2, E-NTPD8 and CD73. The data suggest that blocking vesicular ATP release might inhibit adenosine-dependent inflow without affecting adenosine-dependent reduction in outflow resistance, providing a novel approach for lowering IOP.
MECHANISMS OF ATP RELEASE, THE ENABLING STEP IN PURINERGIC REGULATION OF AQUEOUS HUMOR DYNAMICS
REGULATION OF TAURINE HOMEOSTASIS BY PROTEIN KINASE CK2 IN NATIVE AND CARCINOMA CELLS
Ian H. Lambert and Daniel B. Hansen Department of Biology, University of Copenhagen, Denmark
An elevated expression of the constitutively active serine/threonine protein kinase CK2 has been associated with increased cell survival through suppression of apoptosis (down-regulation of the initiation of the apoptotic process and G1-cell cycle arrest) and increased proliferative capacity (up-regulation of Wnt-, NFκB-and phosphatidylinositol 3-kinase (PI3K)/ protein and lipid phosphatase (PTEN)/Akt-signalling). Shift in cell volume is a critical step in cell fate and we have used mouse NIH3T3 fibroblasts and Ehrlich Lettré ascites tumor cells, which express low and high levels of CK2, respectively to test whether CK2 modulates active uptake and passive release of the primary organic osmolyte taurine. It is found that taurine uptake via the Na + -dependent transporter TauT (SLC6A6) and taurine release via the volume sensitive organic osmolyte channel (VSOAC) are increased and reduced, respectively following pharma-cological inhibition of CK2. The effect of CK2 inhibition on TauT involves modulation of transport kinetics, whereas the effect on the taurine release pathway involves reduction in the open-probability of the efflux pathway. The swelling induced taurine loss is potentiated following stimulation of phospholipase A 2 (PLA 2 ) activity, exposure to exogenous reactive oxygen species and inhibition of protein tyrosine phosphatases (PTP). Inhibition of the PI3K and PTEN reduces and potentiates the swelling induced taurine release, respectively. Inhibition of CK2 has no effect on PLA 2 activity and ROS production by NADPH oxidase, whereas it lifts the effect of PTP and PTEN inhibition. It is suggested that CK2 regulates the taurine release downstream to known swelling induced signal transducers including PLA 2 , NADPH oxidase and PI3K. The maintenance of cell volume homeostasis is critical for preventing pathological cell swelling that may lead to severe cellular dysfunction or cell death. Our earlier studies have shown that volume-regulated anion channels that play a major role in the regulation of cell volume is facilitated by a decrease in cellular cholesterol suggesting that it should also facilitate regulatory volume decrease (RVD), the ability of cells to recover from hypotonic swelling. In this study, we test this hypothesis using a novel methodology developed to measure changes in cell volume using a microfluidics chamber. Our data show that cholesterol depletion of Chinese Hamster Ovary (CHO) significantly facilitates the recovery process, as is apparent from a faster onset of the RVD (~215 s vs. 130 s. in control and cholesterol depleted cells respectively) and a higher degree of volume recovery after 10 min of the hypotonic challenge (41%±6% vs. 65%±6% in control and cholesterol depleted cells respectively). In contrast, enriching the cells with cholesterol had no effect on the RVD process. We also show here that similarly to our previous observations in endothelial cells, cholesterol depletion significantly increases the stiffness of CHO cells suggesting that facilitation of RVD may be associated with cell stiffening. Furthermore, stabilizing F-actin with jasplakinolide also facilitates RVD development. We propose that cell stiffening enhances cell mechano-sensitivity, which in turn facilitates the RVD process. 
CHOLESTEROL DEPLETION FACILITATES RECOVERY FROM HYPOTONIC CELL SWELLING IN CHO CELLS
DIFFERENT EFFECT OF CELLULAR CHOLESTEROL CONTENT ON GLUCOSE-AND SWELLING-INDUCED INSULIN SECRETION
GUANYLATE CYCLASE ACTIVATORS, CELL VOLUME CHANGES AND IOP REDUCTION
Dorette Z. Ellis Department of Pharmacodynamics, University of Florida, Gainesville, USA
Glaucoma afflicts millions of people worldwide and is a major cause of blindness. Aqueous humor is a fluid formed and located in the front of the eye that gives the eye its buoyancy and supplies nutrients to other eye tissues. Aqueous humor is secreted by a tissue called ciliary processes and exits the eye via two tissues, the trabecular meshwork and Schlemm's canal. Because the spaces through which the fluid flows get smaller as the trabecular meshwork joins the area of the Schlemm's canal, there is resistance to aqueous humor outflow and this resistance creates a pressure called intraocular pressure. Increased intraocular pressure is a risk factor for glaucoma. There is a correlation between changes in trabecular meshwork and Schlemm's canal cell volume and rates of aqueous humor outflow; agents that decrease trabecular meshwork and Schlemm's canal cell volume, increase the rate of aqueous humor outflow, thus decreasing intraocular pressure. The role of guanylate cyclase activators in regulating intraocular pressure is well documented in humans, rabbits and monkeys. There are two distinct groups of guanylate cyclases, membrane guanylate cyclase and soluble guanylate cyclase (sGC); activation of both have been shown to decrease intraocular pressure. Members of the membrane guanylate cyclase family of receptors bind to peptide ligands, while the sGC responds to gases (such as NO and CO 2 ) and compounds (such as YC1, [3-(5'-hydroxymethyl-2'furyl)-1-benzyl indazole), a benzyl indazole derivative, and BAY-58-2667); activation of either results in formation of cGMP and activation of protein kinase G and subsequent phosphorylation of target proteins, including the high conductance calcium activated potassium channel (BKca channel). While activators of both membrane guanylate cyclase and sGC have the ability to lower intraocular, the intraocular lowering effects of sGC are note worthy because sGC activators can be topically applied to the eye to achieve an effect. We have demonstrated that activators of sGC increase the rate at which aqueous humor exits the eye in a time course that correlates with the time course for sGC-induced decreases in trabecular meshwork and Schlemm's canal cell volume. Additionally, sGCinduced decrease in cell volume is accompanied by both K Plasma membrane receptors that recognize and respond to extracellular nucleotides, in particular ATP, regulate many cellular responses. Activation of these P2 receptors occurs following release of ATP from the cytosol and in response to numerous perturbations, including changes in cell volume. Using cardiac fibroblasts (CFs) isolated from adult rats and mice, we assessed ATP release and receptor activation by released ATP. We find that hypotonic conditions rapidly produce a ~10-fold increase in extracellular ATP concentration from rat CFs that persists for at least 30 min and is inhibited by an increase in extracellular Ca++. Rat CFs express connexins (Cx's) 43 and 45, which both, based on knockdown with siRNA, contribute to ATP release. Released ATP activates ERK phosphorylation, basal levels of which are decreased by addition of Cx siRNA or the ATP hydrolytic enzyme apyrase; apyrase treatment blunts the expression of pro-fibrotic markers (e.g., alpha-smooth muscle actin and collagen-1 mRNA) but increases expression of 2 matrix metalloproteinases (MMP 2 and 9), implying that constitutive release of ATP contributes to the steadystate activation of ERK and fibrotic activity of CFs. CFs isolated from P2Y2-knockout mice show a loss in ATP-promoted activation of ERK. Thus, cell volumemediated change in ATP release in CFs occurs via multiple Cx's and regulates ERK via P2Y2 receptors. Release of ATP and P2 receptor activation helps establish the cellular set-point for ERK signaling and may serve as a general mechanism by which CFs and other cells respond to changes in cell volume. Purinergic receptors activate diverse signaling cascades and regulate the activity of cell volumesensitive ion transporters. Yet, the effects of ATP and other agonists of P2 receptors on cell volume dynamics are only scarcely studied. In the present work, we used the recently-developed dual-image surface reconstruction (DISUR) technique to explore the effect of purinergic agonists on cell volume in the C11-MDCK cell line resembling intercalated cells from kidney collecting ducts. Unexpectedly, we found that ATP and UTP triggered very robust (55-60%) cell shrinkage that lasted up to 2 hr after agonist washout. Purinergic regulation of cell volume required increases in intracellular Ca and by the BK Ca channel inhibitors charybdotoxin, and paxilline. To evaluate the significance of cell volume changes in purinergic signaling, we measured the impact of ATP on the expression of the immediateearly gene c-Fos. Thirty-min treatment with ATP increased c-Fos immunoreactivity by ~5-fold, and this effect was strongly inhibited by charybdotoxin and completely prevented by NPPB. Overall, our findings suggest that ATP-induced cell volume changes are partially responsible for the physiological actions of purinergic agonists. Upon TLR4 ligation, DCs become mature and migrate to draining lymphoid organs, where they present antigens to naive T cells. A hallmark of DC maturation is eventual down-regulation of DC endocytic capacity. However, initial stimulation of DCs with TLR ligands induces a transient increase in antigen endocytosis leading to enhanced antigen presentation on class I and class II major histocompatibility complex molecules. NADPH oxidase (NOX2) is a reactive oxygen species (ROS)-generating enzyme playing a critical role in the bactericidal activity of phagocytic cells. Its activity requires pH and charge compensation. The aim of this study was to investigate the mechanisms involved in pH regulation in DCs. We show here functional expression of Na + /H + exchanger (NHE) and Hv1 proton channels in mouse bone marrow-derived DCs. Both NHE and Hv1 channels were regulated by LPS. A four hours LPS treatment increased ROS production paralleled with a state of high phagocytosis in DCs. At the same time point NHE activity and DC volume were increased. The NHE1 inhibitor cariporide (10 µM) abrogated LPS-induced cell swelling and blunted LPS-induced ROS formation. On the other hand, a 24 hours LPS treatment decreased DC phagocytic capability, NHE activity, H + currents paralleled by a reduction in Hv1 mRNA expression. The study reveals the involment of NHE and Hv1 in pH, volume regulation and ROS production following stimulation of dendritic cells by LPS. Aim: ASICs (acid sensitive ion channel) are considered as candidates to sense acidosis resulted from painful condition such as skin and muscle inflammation and cardiac ischemia, and ASICs have also been proposed to involve in mechanosensation. Our previous research has shown that SLP3 (stomainlike protein 3) is required for the function of a subset of mouse cutaneous mechanoreceptors. Moreover, SLP3 also inhibits the proton-gated currents carried by ASIC channels expressed either in cell lines or primary sensory neurons. But the molecular mechanism of how SLP3 regulates channel activity remains unclear. Therefore we would like to investigate whether this regulation of ASICs activity is dependant on lipid rafts. Furthermore we would like to find out whether SLP3 affects mechanotransduction via lipid rafts. Methods and Results: Acid-evoked currents were measured in CHO cell line coexpressing SLP3 with ASIC1a, ASIC2a or ASIC3. We found SLP3 did not alter the amplitude of ASIC1a and ASIC2a proton response, but modulated the proton-gated current of ASIC3 in CHO cells. We further constructed SLP3 mutants which were predicted to affect its localization in lipid rafts. Unexpectedly, mutation of one conserved proline residue in the hydrophobic domain and two conserved cystenin residues in the PHB domain further inhibited ASIC3 current comparing with wild type SLP3. Moreover, this inhibition of SLP3 or its mutants to ASIC3 current could be reversed by cholesterol depletion with methyl-â-cyclodextrin (MâCD). However, meanwhile, we could provide evidence to show that SLP3 proline mutant could partially shift its localization from lipid rafts to non-lipid rafts fractions. Moreover, mutation of proline enhanced the glycosylation of SLP3, indicating proline residue maybe important for SLP3 to maintain the hairpin-loop like structure. Additionally, cholesterol depletion also significantly increased peak amplitude of ASIClike transient currents in DRG sensory neuron. In the future we would like to figure out whether SLP3 proline mutant could modulate mechanosensitivity of primary sensory neurons. The endolymphatic sac has been supposed to be a target for ADH. From the correlation of elevated ADHlevels and the occurrence of endolymphatic hydrops as seen in the clinical observations and the animal experiments, a kidney-like V 2 -R mediated, AQP-2 dependent water regulation system in the inner ear has been postulated. However, until now data are contradictory and restricted to cellular level. In this study the expression of AQP2 was shown at cellular and subcellular level by immunhistochemistry using pre-and postembedding techniques. Fluorescence microscopy and Nanogold-TEM localized AQP2 in the ribosomal rich cells (RRC) and showed a specific epithelial polarity with an AQP2 expression in the basolateral membrane in freshly fixed specimen. Under culture conditions, stimulation with ADH and peptide antagonist displayed a functional dynamic system with a reversible translocation of AQP2 water channels into the basolateral membrane. Functional characterization of RRC and mitochondrial rich cells (MRC) by osmotic stimulation under different pharmacological paradigms revealed an intercellular and transepithelial water flow system. This study combines cellular, subcellular, molecular and functional data and describes a physiological system for volume equilibration in the endolymphatic sac which can be influenced by pharmacological treatment. This work was supported by the fortüne programm (F 1541021)
ACTIVATION OF P2Y RECEPTORS CAUSES STRONG AND PERSISTENT SHRINKAGE OF RENAL EPITHELIAL CELLS
TOLL LIKE RECEPTOR SENSITIVE CELL VOLUME
THE SERUM-& GLUCOCORTICOID-INDUCIBLE KI-NASE 1 (SGK1) INFLUENCES PLATELET CALCIUM SIGNALLING AND ACTIVATION BY REGULATION OF ORAI1 EXPRESSION IN MEGAKARYOCYTES
MECHANISMS OF TRANSEPITHELIAL WATER SI-PHONING IN THE ENDOLYMPHATIC SAC
POSSIBLE ROLE OF INTEGRINS AS CELL VOLUME REGULATORS IN ADHERENT, NON-ADHERENT AND MULTIDRUG RESISTANT EHRLICH CELLS
Bjorn S. Broberg, Anders Aspberg and Else K. Hoffmann Department of Biology, University of Copenhagen, Copenhagen, Denmark
Integrins have been proposed to serve as possible cell volume regulators, a hypothesis that has never been finally confirmed or rejected [1] . We have determined the integrin heterodimer composition of three different Ehrlich cell lines i.e. a cell line grown in suspension (WT-EATC), a parallel multidrug resistant cell (MDR-EATC) and an adherent cell line (ELA) and are now inhibiting and knocking down the integrins in these cell-lines. By using Light-Scatter and Coulter Counter to monitor the cell volume and whole cell Patch-Clamp to monitor the channel activity of volume-sensitive channels we are investigating the effect of integrin inhibition and knock-down on cell volume regulation. Integrins signal through FAK and we are doing parallel experiments after inhibiting FAK. 
5-LIPOXYGENASE -A MAIN PLAYER IN STRESS INDUCED AMINO ACID LOSS
Département de Médicine, Université de Montréal, Canada
It has previously been shown that the 5-lipoxygenase (5-LO) activity, which generates leukotrienes from the polyunsaturated arachidonic acid, is a prerequisite for activation of the volume sensitive release pathway for organic osmolytes (VSOAC). In the case of the Ehrlich ascites tumour cells it has been demonstrated that leukotriene D 4 plays a key role in the activation of volume sensitive transporters for cations and amino acids and hence restoration of the cell volume following osmotic cell swelling. Leukotrienes (LT), are often associated with chronic inflammatory diseases, in particular asthma, rhinitis and atherosclerosis, and 5-LO inhibitors are reported to improve cell survival, protects against ischemia in vitro, and to work anti-inflammatory in vivo. The lung epithelium is one of the main targets of 5-LO inhibitors and LT receptor antagonists. In the present study we find that human lung cancer epithelial cells (A549) release organic osmolytes and increase the production of reactive oxygen species (ROS) following hypoosmotic exposure. The swelling induced release of organic osmolytes (taurine, meAIB) is impaired in the presence of (i) 5-LO inhibitors (AA861, ETH615), (ii) cysteinyl leukotriene type 1 receptor antagonist (zafirlukast), (iii) antioxidants (butulated hydroxytoluene), (iv) NADPH-oxidase inhibitor (diphenylene iodonium), and (v) channel blocker (DIDS). Furthermore, potentiation of the swelling induced taurine release by calcium mobilising agents (ATP, ionomycine) and ROS (H 2 O 2 ) is also impaired by 5-LO inhibitors. It is suggested that 5-LO activity and leukotriene signalling are a prerequisite for volume sensitive release of organic osmolytes in human lung epithelium and that ROS modulates the the openprobability of the efflux pathway. Improved cell survival following treatment with 5-LO inhibitors could be, in part due to decreased activity of the volume sensitive release pathways for osmolytes, i.e., limitation of apoptotic volume decrease and hence initiation of the apoptotic process.
REGULATION OF CELL VOLUME SENSITIVE CHLO-RIDE CHANNEL CLCN2 AND POTASSIUM CHAN-NEL KCNQ4 BY JAK2
Zohreh Hosseinzadeh, Shefalee K. Bhavsar and Florian Lang Department of Physiology, University of Tübingen, Tübingen, Germany
The JAK2 (Janus kinase-2)-STAT5 (signaling transducer and activator of transcription-5) pathway participates in the signaling of several hormones including leptin, erythropoietin and growth hormone. Jak1 and Jak2, are tyrosine phosphorylated following exposure of cells to hyperosmolarity, leading to activation of STAT1 and/or STAT3 [1, 2]. The present study thus explored whether JAK kinases influence cell volume sensitive ion channels and may thus contribute to cell volume regulation. Specifically, the channels analysed were the Cl The cytoskeleton has long been assigned important roles in mechanosensing and transduction and has been the subject of much interest as a player in the events initiated by cell volume perturbations. In a variety of cell types, swelling leads to the remodeling of the cytoskeleton. Actin stress fibers are depolymerized forming submembranous F-actin fragments. It has been suggested that the submembraneous F-actin network may confer mechanical resistance to the unfolding of cell membrane invaginations. Upon swelling these invaginations unfold and by remodeling of the actin meshwork alterations of protein-protein interactions lead to the activation of membrane transporters and channels. In many but not all cell types, RVD is inhibited by cytochalasin, which shortens actin filaments by blocking monomer addition at the fastgrowing end of polymers. ML-7 (1- 
FUSION DEPENDENT ACTIVATION OF VESICULAR P2X4 RECEPTORS LEADS TO A VOLUME INCREASE IN ALVEOLAR TYPE II EPITHELIAL CELLS COUPLING SECRETION AND LUNG FLUID HOMEOSTASIS
Kirstin Thompson, Elena Hecht, Oliver Wittekindt, Christine Kranz, Paul Dietl and Manfred Frick
Department of General Physiology, University of Ulm, Germany
Regulated fluid transport in the lung is a necessity for maintenance of a healthy lung environment. However, the role of the alveolar epithelium, consisting of alveolar type I and II (ATII) cells, remains largely undetermined. While the ATII cell is mainly known for secretion of lung surfactant via exocytosis of lamellar bodies (LBs), it is also thought that it may assist in fluid homeostasis as well -both critical for alveolar function. Directed ion transport across the ATII cell will result in secretion or absorption of fluid into or from the alveolar hypophase, respectively. We have recently described that exocytic fusion of LBs with the plasma membrane (PM) results in a transient, nonselective, inward-rectifying, cation current across P2X4 purinergic receptors located on the membranes of fused LBs. This leads us to propose that regulation of LB exocytosis also modulates fluid transport across the alveolar epithelium via this fusion-activated cation flux. Initial experiments combining fluorescence and atomic force microscopy (AFM) confirmed that exocytosis of LBs leads to an instant increase in ATII cell volume that is regulated within mins. Following stimulation of ATII cells with ATP, the height of the ATII cells increased by > 20% in cells when LBs fused with the PM after stimulation, but slightly decreased in cell without fusing LBs. These data indicate a link between LB fusion (and hence surfactant secretion) and regulation of fluid transport. Contact of a particle with a phagocyte provokes formation of engulfment pseudopodia. These protrusions move along the particle until it is completely engulfed. Following envelopment, the particle is internalized. We envision pseudopodia as local cellular swellings. Accordingly, generation of pseudopodia require water influx along an osmotic gradient. A local intracellular increase of osmolarity is either due to an influx of osmolytes or to intracellular generation of osmolytes. If local volume regulation resembles global cellular volume regulation, ion channels and transporters involved in regulatory volume increase and decrease, respectively, are involved in formation of engulfment pseudopodia. These volume changes are associated with ion fluxes across the plasma membrane. In the present study, we evaluated the impact of chloride conductance on uptake of 4µm polystyrene beads by microglial cells. DIOA, FFA, or NPPB, which block chloride conductance, inhibited uptake of beads by BV-2 cells, a microglial cell line, as well as in primary murine microglial cells. Similarly, substitution of chloride by gluconate suppressed bead uptake in microglial cells. Microglial cells expressed swelling-activated chloride channels. Superfusion of cells with a hypotonic solution or perfusion of cells with a hypertonic solution provoked the development of an outwardly rectifying chloride current. This current was blocked by DIOA, FFA, or NPPB. Particle engulfment up-regulated chloride conductance in microglial cells. After exposure of polystyrene beads for 1 to 5 hours, cells that engulfed at least 3 beads showed about a 2-fold increase in their chloride current compared to control cells. Similar to control cells, the swelling-activated chloride current in cells containing beads was outwardly rectifying and sensitive to DIOA, FFA, and NPPB. Because swelling-activated chloride current as well as particle up-take was sensitive to chloride channel blockers and particle up-take up-regulated chloride conductance, we suggest that the basic ionic mechanism of phagocytosis resembles those of cellular volume regulation. Drug resistance is a major challenge in cancer treatment, and a number of different molecular mechanisms have been implicated, including the impairment of Apoptotic Volume Decrease (AVD) via a deregulation of the anion channel VRAC [2] and upregulation of the IAP (Inhibitor of apoptosis) survivin. Survivin blocks apoptotis by caspaseinhibition via inhibition of Smac/DIABLO. Expression of survivin is detected in several human cancers, while there is no or very low expression in normal tissue. We find a high expression of survivin in the pancreatic cancer cell lines BxPC-3, Panc-1 and COLO357.The chemotherapeutic drug gemcitabine is currently used as the standard treatment of pancreatic cancer, but we only find a very small induction of apoptosis, which seems to correlate with an increased expression of survivin both on mRNA-and protein level. Expression of the anti-apoptotic proteins Bcl-2 and Bcl-XL and activation in response to gemcitabine are also investigated. Gemcitabine treatment promotes the translocation of β-catenin to the nucleus, as demonstrated by cytoplasma-nuclear fractioning. This probably results in transcription of survivin mRNA, since survivin has been described as a β-catenin target gene. In addition, we want to investigate the expression of GSK-3β before and after gemcitabine treatment, since it is a β-catenin inhibitor in the absence of Wnt-receptor stimulation. Our data indicate a role for survivin in gemcitabine-resistance in pancreatic cancer cells, probably mediated by β-catenin-dependent Tcf/Lef-induced transcription. In parallel, we also investigate related mechanisms contributing to chemoresistance, including FAKactivation and expression of Bcl-2 and Bcl-XL, as well as the deregulation of several signal transduction pathways involved in survival of neoplastic cells. In all cases, we correlate the degree of chemoresistance with the parallel deregulation of AVD. influx confirm that slow shrinkage of cells is associated with apoptosis. It is concluded that acute osmotic cell shrinkage induces both RVI and AVD responses. RVI dominates at the early stage whereas AVD prevails at the later stage. In view of the data obtained in U937 cells the current opinion that RVI dysfunction is a prerequisite for apoptosis and AVD should be revised. U937 cells are capable to trigger of apoptosis and AVD in spite of the unimpaired RVI response. It is concluded that AVD plays significant role in preventing osmotic lysis in apoptotic cells rather than in initiation of apoptosis. It became evident in recent years that cell volume and the mechanisms of its regulation are employed in a variety of physiological functions including cell proliferation and apoptosis, locomotion, the coordination of transport across epithelial membranes as well as the triggering of metabolic events in the liver. For a quantitative analysis of all these processes a precise determination of the underlying volume changes and of the actual water balance of a given cell is mandatory. Here, we present a combined approach of three different state-of-the-art techniques for 1) the quantification of cell volume changes at a high spatial and temporal resolution, 2) the visualization of intracellular diffusion properties as a function of extracellular osmolarity, and 3) the measurement of cell water content and permeability -all by means of direct and label free approaches. Using Scanning Acoustic Microscopy (SAM), we are able to analyze the key players of cell volume regulation, i.e. aquaporins (AQPs) and hypertonicityinduced cation channels (HICCs), at the same time. Measuring the slope of cell volume changes at high resolution, for instance, yields the activity of AQPs in a quantitative way. With Fluorescence Correlation Microscopy (FCS) the diffusion patterns in a given cell can easily be determined -just by monitoring GFP mobility in small cytosolic volumes. These recordings suggest that the activation of the HICC is related to the actual changes in cell volume rather than a macromolecular crowding in the cytosol. Raman Confocal Microscopy (RCM) is a rather new technique with a unique imaging potency as it is focussing on the chemical composition of cells at high spatial resolution. Here, RCM was used to visualize the overall density of organic molecules inside cells on the basis of their resonance properties and, at the same time, intracellular water content and mobility was determined -again in response to changes in the extracellular osmolarity. In combina-tion, these techniques are a powerful tool for the analysis of cell volume and water handling under anisotonic conditions revealing remarkable and novel coherencies under the various physiological conditions tested. In the brain, electrical signaling and homeostasis of extracellular milieu are determined by ionic fluxes across plasma membranes in neuronal and glial cells. Such fluxes are associated with dynamic changes in cellular volume that should be compensated by effective cell volume regulation. The rate-limiting step of regulatory volume decrease in swollen cells is the activation of volume-regulated anion channels (VRACs). VRACs are permeable to chloride and bicarbonate, but also to a variety of small organic molecules. One of the organic osmolytes, glutamate, serves as the primary excitatory neurotransmitter in the CNS. Therefore, opening of VRACs not only allows for regulation of cell volume, but also strongly affects tissue excitability and may lead to neuronal death. Recently, we evaluated the effects of cellular swelling on neurotransmitter release in vivo by perfusing rat cortex with hypoosmotic medium, delivered via a microdialysis probe. Consistent with the previous publications, we found that cell swelling triggered massive release of glutamate, taurine, and aspartate from intracellular to extracellular compartment. Much to our surprise, we also observed that extracellular levels of another amino acid, glutamine, were dramatically reduced. This is a critical observation because glutamate levels in the brain are kept low due to intracellular conversion to glutamine. We therefore explored if cellular swelling changes glutamine transport and/or biosynthesis in astrocytes, which serve as the brain hub for glutamate uptake and glutamine production. In primary astrocyte cultures, hypoosmotic media strongly inhibited glutamine synthesis. This inhibition was determined by two processes: (i) direct suppression of astrocytic glutamine synthetase, and (ii) reduction of substrate availability for this enzyme due to loss of glutamate via VRAC. Glutamine synthesis is critical for control of brain extracellular and intracellular glutamate levels. Therefore, the combined effects of cellular swelling on glutamate release via VRAC and on glutamine metabolism likely contribute to the excitatory tissue damage in stroke and ischemia, and to occurrence of hyperexcitability and seizures in human hyponatremia. Supported by NINDS grants R01 NS061953. 3 
LOCAL VOLUME REGULATION AND PHAGOCYTO-SIS IN MICROGLIAL CELLS
MECHANISMS OF GEMCITABINE-RESISTANCE IN PANCREATIC CANCER CELLS
IMPACT OF CELLULAR SWELLING
ROLE OF AGRIN FOR EXPRESSION AND
Institute of Anatomy, University of Tübingen, Germany
The blood-brain barrier (BBB) in the strict sense is located within the brain capillary endothelial cells. The structure responsible for this barrier was identified as tight junctions. However, the permeability-related property of the BBB is not a property of the endothelial cells by their own, but dependent on the brain microenvironment. The capillaries are surrounded by astroglial endfeet. Where the astrocyte contacts the vascular basal lamina, its membrane contains a lot of characteristic structures called orthogonal arrays of particles (OAPs). Where this contact is lost, the density of OAPs falls down. This difference in OAP density raises the astrocytic polarity. OAPs are the structural equivalent of the water channel protein aquaporin-4 (AQP4). The extracellular matrix (ECM) is important for inducing the polarity of astrocytes. Agrin as one of the ECM compounds is a heparan sulfate proteoglycan known for organizing the postsynaptic differentiation of the neuromuscular junction, but now for the formation and maintenance of the BBB as well. Here we describe effects of agrin on the expression and distribution of AQP4 and on the swelling capacity of cultured astrocytes of newborn mice. If astrocytes were cultured on a substrate containing poly-DL-ornithine, anti-AQP4 immunoreactivity was evenly and diffusely distributed. If, however, astrocytes were cultured in the presence of agrinconditioned medium, we observed an increase in the intensity of AQP4-specific membrane-associated staining. In the presence of exogenous agrin, OAPs were clustered. Neuronal and non-neuronal agrin isoforms (agrin A0B0 and agrin A4B8, respectively) were able to induce membrane-associated AQP4-staining. Water transport capacity as well as OAP density was increased in astrocytes cultured with the neuronal agrin isoform A4B8, but not with the endothelial and meningeal isoform A0B0. RT-PCR demonstrated that agrin A4B8 increased the level of the M23 splice variant of AQP4 and decreased the level of the M1 splice variant of AQP4. Implications for the regulation and maintenance of the BBB including the edema formation under pathological conditions are discussed. 3 
University of Occupational and Environmental Health, Kitakyushu, Japan
Arginine vasopressin (AVP) neurons in the hypothalamus of the brain are osmosensory neurons that respond to an increase and a decrease in plasma osmolarity with enhanced and reduced AVP release, respectively, from their axon terminals. In the present study, hypoosmotic stress was found not to reduce but to enhance somato-dendritic AVP secretion from axon terminal-free AVP neurons acutely dissociated from the supraoptic nuclei (SON) in AVP-enhanced GFP transgenic rats. During exposure to a hypoosmotic solution, the SON neurons, which were identified specifically as AVP neurons by GFP expression, exhibited a slow regulatory volume decrease (RVD) that occurred over 10 min after swelling and rapid activation of anion currents that showed biophysical and pharmacological properties phenotypic to the volume-sensitive outwardly rectifying (VSOR) anion channel. Bath application of AVP significantly increased the amplitude of VSOR currents and accelerated the time course of RVD. These AVP effects were abolished by antagonists for adenylate cyclase and the V 2 -type AVP receptor but not affected by antagonists for phospholipase C and the V 1a -type AVP receptor. The AVP effect on RVD was mimicked by extracellular application of 8Br-cAMP. Even in the absence of exogenous AVP, when the amount of bath solution was reduced, the time course of RVD in AVP neurons became faster and was slowed by a V 2 receptor antagonist. RT-PCR and immunostaining studies showed expression of the V 2 receptor on the plasma membrane of the somata and dendrites in AVP neurons. It is concluded that AVP released from somata and dendrites of AVP neurons under hypoosmotic conditions serves, in an autocrine fashion, as a signal to enhance the VSOR anion channel activity and thereby facilitate cell volume regulation via the V 2 receptor and cAMP. Contrasting cell volume behaviours (swelling vs shrinkage) are considered as hallmarks of necrosis from apoptosis. In this study, we employed a timelapse, dual-image surface reconstruction (DISUR) technique to assess kinetics of volume changes in serum-deprived vascular smooth muscle cells (VSMC) transfected with E1A-adenoviral protein (E1A-VSMC) and renal epithelial MDCK cells treated with ouabain, widely-employed as in vitro models of apoptosis and necrosis, respectively. In the 60-min lag-phase, serum-deprived E1A-VSMC volume was increased bỹ 40%. Swollen cells underwent rapid apoptotic collapse, documented by plasma membrane budding, and terminated in 10-15 min by the formation of numerous apoptotic bodies. Suppression of apoptosis by activation of cAMP signalling completely abolished the swelling of serum-deprived E1A-VSMC cells. 
DYNAMICS OF VOLUME CHANGES AND THEIR ROLE IN CELL DEATH TRIGGERED BY SERUM-DEPRIVATION AND OUABAIN
OSMOTIC REGULATION OF APOPTOSIS AND PROLIFERATION IN THE LIVER
Roland Reinehr and Dieter Häussinger Clinic for Gastroenterology, Hepatology and Infectious Diseases, University Hospital Düsseldorf, Germany
Cell shrinkage is a hallmark of apoptotic cell death. Conversely, in hepatocytes hyperosmotic cell shrinkage leads to an activation of the CD95-death receptor system, which involves epidermal growth factor receptor (EGFR)-mediated CD95-tyrosinephosphorylation, subsequent CD95-translocation to the plasma membrane, and sensitizes hepatocytes towards CD95 ligand-induced apoptosis. In contrast, cell swelling is a prerequisite for cell proliferation including cell division. In hepatocytes, insulin-induced cell swelling involves an integrin-mediated Srcactivation that further leads to a Src-mediated EGFR phosphorylation, subsequent Erk-1/-2 activation and proliferation. In detail, hyperosmotic exposure induces an almost instantaneous acidification of an acidic sphingomyelinase-containing endosomal compartment, which is followed by an increase in the intracellular ceramide concentration. Inhibition of anion channels or the vacuolar-type H + -ATPase abolishes not only endosomal acidification and subsequent ceramide generation, but also otherwise observed hyperosmotically induced generation of reactive oxygen species (ROS) by NADPH oxidase isoforms. This ROS formation then leads to an activation of a c-Jun-N-terminal kinase (JNK) and to a Src-family kinase Yes-mediated EGFRtransactivation. JNK then provides a signal for CD95/ EGFR-association and subsequent EGFR-mediated CD95-tyrosine-phosphorylation. CD95-tyrosinephosphorylation then allows for CD95-receptoroligomerization, translocation of the CD95/EGFRprotein-complex to the plasma membrane and formation of the death inducing signaling complex (DISC). Hypoosmotic exposure induces an integrinmediated activation of both, focal adhesion kinase (FAK) and c-Src, which is followed by phosphorylation of p38 MAPK and Erk-1/-2 finally leading to p38 MAPK -dependent regulatory volume decrease (RVD) and inhibition of proteolysis, whereas the observed increase in bile flow depends on both, p38 MAPK and Erk-1/-2. In addition, c-Src mediates EGFRtransactivation and subsequent Erk-1/-2-dependent proliferation. Since EGFR is involved in both, cell swelling-dependent proliferation and cell shrinkageinduced apoptosis, it is an interesting speculation whether JNK provides a switch between proliferation and apoptosis. Recent data suggest that insulininduced swelling-dependent EGFR-activation can be converted into a CD95-mediated death signal upon addition of free fatty acids leading to JNK-activation. Apoptosis is a stochastic, physiological form of cell death characterized by a distinct set of morphological and biochemical properties. A defining feature of apoptosis in all cells is the loss of cell volume or cell shrinkage, termed apoptotic volume decrease or AVD, often considered a passive component of the cell death process. Most cells have inherent volume regulatory increase (RVI) mechanisms to contest an imposed loss on cell size, however T-cells are unique in that they do not have an RVI response. We used this property to explore potential regulatory roles of an RVI response during apoptosis. Exposure of immature T-cells to hyperosmotic stress resulted in a rapid and profound, non-stochastic and synchronous caspase-dependent apoptosis. Multiple rounds of osmotic stress followed by recovery of cells in normal media resulted in the development of a population of cells that were resistant to acute osmotic stress (OS). These cells were also resistant to multiple apoptotic stimuli that activate cell death via the intrinsic death pathway, while remaining sensitive to extrinsic apoptotic stimuli. Analysis of these OS resistant cells showed no increase in anti-apoptotic proteins, or the inability to release cytochrome c from their mitochondria given an intrinsic apoptotic stimulus. Interestingly, the OS resistant cells have developed an RVI response, and inhibition of the RVI restored sensitivity to apoptotic agents. We are now studying the signal transduction properties of this response. The potential exposure of cells to life-threatening changes in their extracellular environment includes alterations in the osmolality surrounding the cells. Chronic exposure to anisotonic conditions can result in cellular injury leading to cell death, however most cells protect themselves from these adverse conditions by adopting survival mechanisms involving the regulation of their cell volume. While most cells can respond to a loss of cell volume through a regulatory volume increase (RVI) response, T-cells are unique as they are devoid of this compensatory means to offset this change in cell size. Here we have exposed S49 (Neo) cells, a murine immature T-cell line to hyperosmotic stress where greater than 95% of the cells initially died. However, through multiple rounds of osmotic stress and recovery, we generated several distinct cell populations that were resistant to cell death upon acute osmotic treatment, along with resistance to multiple intrinsic apoptotic stimuli. Whole genome microarray analysis of these various osmotically stressed (OS) cells revealed distinct changes in their gene expression pattern, along with significant differences in their biological and toxicological functions, and canonical biochemical pathways. Additionally, a small set of genes whose gene profile was common in the various OS cells was identified that coincide with this physical adaptation to osmotic stress. 
OSMOTIC STRESS RESPONSE MECHANISMS
GENOME WIDE MOLECULAR ANALYSIS OF GENES AND STRESS SIGNALING PATHWAYS ASSOCIATED WITH APOPTOTIC RESISTANCE IN LYMPHOID CELLS
SGK1-DEPENDENT REGULATION OF CELL MIGRA-TION
WATER INTERVENTION PROGRAMS IN CHILDREN -PROMOTION AND PROVISION OF DRINKING WATER FOR OVERWEIGHT PREVENTION IN SCHOOL CHILDREN
Rebecca Muckelbauer Berlin School of Public Health, Charité -University Medical Center Berlin, Germany
The prevention of childhood overweight is regarded as a public health priority, but to date effective interventions are lacking. Increasing evidence points towards an association between children's habits of beverage consumption and their body weight status. In particular, it has been suggested that a decreased consumption of sugar-containing beverages and a concomitant increase in water consumption can help prevent overweight in children. Thus, an interventional approach targeting the water consumption in children for overweight prevention was developed. The effect of this intervention involving the promotion and provision of drinking water was evaluated in a randomized, controlled cluster trial. The trial was conducted in elementary schools located in two cities in Germany. The intervention combined educational and environmental components, with lessons on water, hydration and health given by the teachers and the provision of water fountains in schools. After the intervention period of one school year, the risk for overweight was reduced in the intervention group, indicated by an odds ratio of 0.69, compared to the control group which did not receive any intervention. In addition, water consumption was increased by about 1 glass per day in the children of the intervention group. Interestingly, stratified analyses of the data indicated that the intervention reduced the risk for overweight only in children without a migrational background. In contrast, it was not beneficial in children with a migrational background, even though water consumption increased equally in both subgroups. During and after the intervention period, a long-term process evaluation was conducted. Results showed that the intervention program had potential to produce sustained modifications in the children's beverage consumption. The environmental intervention components, in particular, were shown to be feasible for sustained implementation in the school setting. In conclusion, the combined environmental and educational intervention focusing on the promotion of water proved to be effective in reducing the risk for overweight among school children. Thus, water interventions to improve beverage consumption habits could play a role in comprehensive programs for the prevention of overweight in children.
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